An improved MRF algorithm-hierarchical Gauss Markov Random Field model in the wavelet domain is presented for fabric image segmentation in this paper, which obtains the relation of inter-scale dependency from the feature field modeling and label field modeling. The Gauss-Markov random field modeling is usually adopted to feature field modeling. The label field modeling employs the inter-scale causal MRF model and the intra-scale non-causal MRF model. After that, parameter estimation is the essential section in the inter-scale, enhancing modeling capabilities of the pixels partial dependency. Sequential maximum a posterior criterion is applied to achieve the results of image segmentation. Comparisons with other hybrid schemes, results are indicated that performance of the presented algorithm is effective and accurate, in terms of classification accuracy and kappa coefficient, for patterned fabric images.
INTRODUCTION
Printed fabric image segmentation is a very important process in textile printing and dyeing. The segmentation quality directly affects precision and accuracy of cloth printing as well as the subsequent drawing. Generally, image segmentation refers to divide into the different regions of the image that has a special significance in the division [1, 2] . These areas have mutually disjoint features, which own to gray, color, texture and other characteristics of similar principles. Image segmentation is not only a key step from image processing to image analysis, but also a basic technology of machine vision. There are numerous algorithms for image segmentation with threshold value method, the segmentation method based on edge detection, segmentation method based on fuzzy set theory, based on the random field method and other segmentation algorithms. Based on the Markov Random Field (MRF) model has attracted much attention in recent years [3, 4, 5, 6, 7, 8] . In this paper, the proposed scheme is hierarchical Gauss Markov Random Field model in the wavelet domain, to obtain given image segmentation results more accurately and reliably.
Among the method of inter-scale statistical dependencies modeling, the application of the multi-scale hierarchical Markov random field model is used widely [9] . However, due to the feature field of the images is based on the pixel level, which doesn't have a non-direction and redundancy. It is difficult to depict the non-stationary of the image. In order to overcome this defect, hierarchical Markov random field in the wavelet domain is put forward, which greatly express non-stationary in fabrics [10] . But this method is only to modeling of correlation among different scales, which doesn't deal with correlation of the same scale. There still exists the problem of insufficient local spatial information statistics, making it difficult to form large area and keep consistent in the segmentation result. Therefore, hierarchical Markov random field in the wavelet domain algorithm was further improved in some reference. The segmentation results are optimized. Therefore, we put forward wavelet domain hierarchical Gaussian Markov random field algorithm [11] . The principle of scheme is that wavelet coefficient vector of every scale represents the feature of every scale in the wavelet domain. Gaussian Markov random field model is adopted to describe feature field modeling of each scale. Potts model is adopted to depict the multi-scale label field model, which measure the intra-scale statistical dependencies. Pyramid model is put forward by Bouman, which represents the inter-scale statistical dependencies. Finally, different parameters can be calculated by maximum pseudo-likelihood and expectation-maximization method. The use of SMAP http://www.jeffjournal.org Volume 11, Issue 3 -2016 criterion can obtain the final segmentation result. Experimental results show that the proposed algorithm is effective for fabric image segmentation, with respect to classification accuracy and kappa coefficient.
The rest of the paper is organized as follow. Section 2 describes the hierarchical Markov random field model. Section 3 gives feature field modeling, which is employed wavelet transform and Gaussian Markov random field methods. Section 4 gives label field modeling, including pyramid and Potts model. Section 5 contains parameter estimation. Section 6 presents experiment procedure. Section 7 discusses the experimental results step by step, comparing the results of proposed algorithm with MRF scheme, WMRF scheme, HMRF scheme and HWMRF scheme. Final Section 8 is devoted to conclusions.
The acronyms used in the paper are listed in Table I . 
, which represents segmentation result of the image. The basic framework of image segmentation is shown in Figure 1 . In this framework, it is assumed that the feature values of each pixel location are all dependent on the corresponding to each pixel of the label field. The corresponding category could be gotten. The labeled feature values are represented by the conditional probability density function ( )
Label field is established by a causal hierarchical MRF model, [6, 12] The basic framework of image segmentation. [ ] [ ]
The size of each feature vector at the lowest resolution is
and the size of the feature vector at the other resolutions is 
PARAMETER ESTIMATION
Improved Markov random field in the wavelet domain for printed fabric is proposed in this article, the appropriate parameters are estimated firstly for the feature field modeling and label field modeling. The MPL method is used by estimating parameters of feature field. The parameters can be calculated by the following Eq. (4) through Eq. (8):
where, m is category, and n is the scale of wavelet decomposition and t is iterations. 
Label field parameters contain β α , n . β is a constant with experience, which will have an influence on the segmentation result. For instance, the smaller β , the less information about the spatial connection of the feature field will be obtained.
is interaction parameter of inter-scale. According to EM algorithm, that is:
where, ' n α is interaction parameter of inter-scale. 
PROPOSED ALGORITHM
As mentioned above, wavelet decomposition can represent the printed fabric image at multi-resolution, providing new insight into the connection between spatial domain and the spectrum. The hierarchical MRF model is the powerful multi-resolution statistical model for analyzing the contextual dependence, which can take into account inter-scale and intra-scale information of pixels. It can acquire more information than the traditional model and obtain better segmentation results. http://www.jeffjournal.org Volume 11, Issue 3 -2016 First, the textile image begins with wavelet transform by using Haar wavelet [16] . Then every pixel in the image turns into in the form of vector. According to these vectors, we could calculate likelihood value of vector corresponding to each location. We can represent the offset of neighborhood position relative to the center position in the second-order neighborhood system with τ as shown in Figure 5 , According to Gauss-MRF model [16] [17] [18] 
In order to make full use of the inter-scale information, the neighborhood system should be redefined as shown in Figure 5 . The label of a node location is only relative to its parent node, uncle node and a second-order neighborhood nodes in this scale. In Figure 5 , considering that the location label of second-order neighbors has an effect in the current label, MLL model is employed [19] [20] . The reason is that the location label of second-order neighbors is constantly updated in the iterative process. It is the non-causal intra-scale MRF model. Expression as shown in Eq. (12) where, β is a constant with experience.
Given that the label field is independent from each other on the different scales. Final segmentation result is acquired by projection from coarse resolution to fine resolution. According to the MRF and Bayesian theory, image segmentation is seeking an approximate global optimal estimation of X by the criteria of SMAP [21] [22] 
Experimental Procedure
The flow chart of proposed algorithm is shown in 
RESULT AND ANALYSIS
We analyzed several types of fabric images so as to demonstrate the performance of our algorithm. Experiments are the Matlab compiling environment on personal computer with Intel 1.60 GHz processor and 1GB RAM. Fabric printing images with 256 × 256 DPI are contained by Canon 9000F scanner. It has been tested on multiple sets of experimental data to prove the effectiveness of the scheme. Parts of the typical segmentation results are selected to compare analyses from different angles.
Feature field is represented with Gaussian Markov Random Field in the domain wavelet. Label field is denoted by pyramid and Potts model in multi-scale space. In order to verify the feasibility of the proposed scheme, a number of experiments were performed on fabric images, including comparison with MRF scheme, WMRF scheme, HMRF scheme and HWMRF scheme. In Figure 7 , the first column is original image, the second as a result of MRF, the third as a result of WMRF, the fourth as a result of HMRF, and fifth as a result of HWMRF scheme. http://www.jeffjournal.org Volume 11, Issue 3 -2016 Figure 7 shows segmentation results of ten images by the proposed approach and other existing approaches. It can be shown that the proposed algorithm expresses image information comparatively better by reducing noise and solving problem of insufficient local spatial information statistics.
In current study, the equality of segmentation is weighted by visual effectiveness and quantitative indicators. Classification accuracy and kappa coefficient are calculated to measure segmentation effectiveness for fabrics, which represent the consistent probability of each random sample classification result and actual classification result. Overall classification performance is evaluated by two parameters, as shown in Eq. (17) and Eq. (18) . Table Ⅱ . It can be concluded segmentation results by the above: in the realization of fabric image segmentation, the number of different images for classification, segmentation results accuracy of the MRF approach is 60.33%, and kappa coefficient reaches 48.37%. We can see the outline of fabric printing design, but there are lots of noises. In the implementation section of fabric image segmentation, the number of different images for classification, segmentation results accuracy of the scheme two is 80.87%, and kappa coefficient is 73.20%.Compared with the MRF scheme, the WMRF scheme can filter out some of the noise and describe the fabric edges and regional characteristics of the image. In the realization of the fabric image segmentation, the number of different images for classification, segmentation results accuracy of the HMRF method and HWMRF method is respectively to 82.28% and 88.09%. The kappa coefficient of them is respectively to 74.73% and 80.91%. Compared with the previous two schemes, the HMRF and HWMRF algorithms could reduce noises and express spatial information accurately. Classification accuracy and kappa coefficient of proposed algorithm is to 94.03% and 88.28%. It can be demonstrated that this method filter out noise very perfectly, almost can accurately describe the fabric image edges and regional characteristics accurately. Experimental results show that proposed scheme can achieve a good segmentation performance for textile printing images.
In proposed algorithm, there are two factors that affect the algorithm performance: the potential coefficient (β) and the number of iterations (max-iter). A comparison of classification accuracy and kappa coefficient with different β and max-iter is declared in Figure 9 
(5) (6) Histogram of classification accuracy and kappa coefficient to proposed algorithm is obtained in Figure 10 (1)(3)(5)(7), when max-iter is 10 and β is adopted different values. It can be concluded that the value of classification accuracy and kappa coefficient is higher than others, when β=1.2 and max-iter =10. Table III indicates average classification accuracy and kappa coefficient of presented algorithm, when max-iter is 10 and β is applied different values. It can be concluded that average classification accuracy and kappa coefficient are able to achieve 94.15% and 87.02% respectively. Table Ⅳ declares the evaluation parameters of proposed scheme. When the number of max-iter is increasing, the results of image segmentation are improved in terms of average classification accuracy and kappa coefficient, and it has little effect. However, the higher the number of max-iter is, the longer time of the segmentation results would be. It would increase the cost in practice application. Therefore better result of image segmentation is achieved for fabrics when β employs 1.2 and max-iter is used 10.
CONCLUSION
In this paper, the traditional MRF model algorithm has been improved gradually and hierarchical GMRF in wavelet domain algorithm is proposed. In the process of the fabric image segmentation，it involves feature field modeling, label field modeling and parameter estimation. Feature field modeling is combination of wavelet transform and Gaussian MRF model algorithm. Label field modeling integrates MLL model to label the position of each pixel in fabric images. The interaction parameters are employed by MPL and EM algorithm, calculating for the likelihood value of each scale and from coarse scale to fine scale in segmentation process.
The current status of research on image segmentation point of view, two aspects of the evaluation indicators of the quality of image segmentation is usually from the visual effects and quantitative analysis. From a visual point of view, it can be decided by the naked eye whether the marginal region consistent with the original image. Quantitative analysis of indicators is used in kappa coefficient and classification accuracy. This shows that proposed method can predict the image segmentation of fabrics with acceptable accuracy. In the parameter training, a different area in the image could be selected, but the area is not the same choice every time, the result is slightly different. However, the impact is not big. That how to ensure that the same area is chosen every time continues research should be researched for no difference in the segmentation result.
